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a dofflogeiieoua  Syhere 


le  In  batcery  life  pcovUlng  ii 


6,  FlacBMnc  of  oultoble  hone  ^enerototo  In  the  loouloclo 
leads  to  lubBtanclally  increased  batcary  Ufa. 

iocracaa  in  battery  Ufa  baeaoae  eba  capacity  of  eba  heac  raaervoic 
Increesae  more  rapidly  ebon  the  rate  of  haac  loaaaa.  Conreraaly,  t 


□nsoDucnoN 

aiscuissd  l>y  Goodtlch  (1).  >*0  defined  then  ee  ileetrocliEDlMl  po»er 

ebic  for  Isolated  parformaoee,  an  Integral  heat  generating  aourca 
[baaed  on  tbeslcal  raatclon  uilng  gaaeoua,  liquid  or  solid  fuels)  la 
required  to  ralao  tbe  teoiperature  oE  the  eell  above  Iti  malting  polnt- 

ent  elettrodbeBloal  tyacama.  aucb  as  Hg/LICl-KCl-KjCtjO^/Bl  and 
Bg/LlCl>XCl/FeO  ,Hl  ublth  perform  aatlefactorllp  In  tbermal  baEterlea. 

HclCoe  (4)  enumerated  tbe  following  advantagaa  oE  tbermal 
battarlea: 

Large  currenta  may  be  drawn  from  them 
Indefinite  atorage 


id  aaaantlally  Indefinitely  by  a< 


gUctralvcU 


et  off,  The  large  quanelcy  of  heat  given  off  almost 
berveen  tbe  reaching  400‘^C  eoC  coollog  trace  to  AOO^C  la  referred  to 


involviAB  nuaerouB  rcpUoac 


BlaceroBlc  eomputBtB  mBkes  poaBlfals  i 


:bcb  ehBC  • Bisnlflesne 
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ewevBT,  cbe  avallablUc/  ot 


o£  th»  iBwMCiMEtsrk  Che  anales  eoppucec  wee  uellUed.  Wleh  the  Inalghe 
giiaoi  Croea  the  enelog  etuatee,  a ocre  eonplete  oaehe»eticeI  nodel  wee 
developed  and  progreeiBed  Cor  the  IBM  7M  dlglcel  compocer. 

The  iBveetlgeclon  had  two  chief  ohjectiwei: 

1,  To  provide  ceaperetiire  hiecerlee  for  epecifle  locoelone 

2,  To  etudy  Che  effect  of  checBing  the  coooereeclon  conCigwre- 
the  bettory  la  thee  deelgn  epeclflcetlone  could  be  made  to  optialee  lea 

The  opelmlieclon  erlterlen  waa  defloed  ae  the  Baxiamo  life  of 

waa  canaldered  apclcuia.  Aa  Esentloned  before,  the  efface  af  Idealleed 
leacerlalB  waa  ocudled  with  the  Idea  chat  if  Che  Incluaioo  of  eertaln 
idealised  oucerlal  Ineceaaed  the  life  of  the  aaaoBbly  aignifleancly, 

Che  dealrebility  of  develaplng  auch  a Dacerial  would  be  indicated. 


Equation  (11*2)  relatoa  t< 


dent  o(  heet  cteoefer,  or  otaply  c«of£ld«tit  of  heac  erenofer.  Ililo 
axproBBlon  le  oftan  raferred  to  at  Navton’a  cooling  lew,  but  It  la 
raally  a deflolcion  of  H.  Thla  point  will  be  dlacuaaed  later  in  oora 


a parlectly  black  aurlace.  Equation 


blaok'body 


From  the  abCFve  fniideeieiital  relatione  a great  deal  cf  ksovledse 
haa  been  daeeloped.  The  application  of  »ache»atiea  permici  tbe  evalua- 
tion of  heat  traoaEer  proceaaea  by  different  nodea.  In  different  geooet- 
rleal  Bbapee,  and  aubject  Co  varied  initial  and  boundary  epeolflcatlona. 
Catalaw  aod  Jaeser  C13)  have  praaected  a vary  coiaplota  foraal  methe- 


varlety  of  heat  tranafar  problena. 
HnAdaiaa  <ld)  pcaaenee  a very  conpleta  treatment  of  the  hoot  tranafar 
probla  from  tbe  pcaoeloal  deaign  anslnaerlng  point  of  view. 

SpBOlflcally  In  cho  field  of  beat  cranater  by  conduction,  many 
pbyileal  oitoatione  can  be  deierlbed  by  relatione  i*Ich  ere  amenable 

have  treated  coopoalte  bodlaa,  moatly  the  laminated  wall  having  no 


prebloat  the  utuspclon  of  i 

1«  ufuaLly  Bldo.  FriedoaD  > 


probl8D«  Involving 


tlgnlElcanc 

Xbe  aoluUonj  to  ante  reallBClc 

.ch  »ay  or  Biay  not  converga  rapidly.  Tberafora,  It 
difficult  to  obtain  a msaarlcal  anaoor  from  the 


teore  applleabla  to  practical  probleaa  Curney  and  lurla  <2l>,  Groabar 
(22),  Olaon  and  Seholtc  (23),  Kawnan  (24).  and  otbara  (14,25,26,27) 
hava  pcaaanted  grapba  or  cbtrta  ohooing  caapecacura  veraua  tiaa  or 
gaoaacrlcal  location  for  dlfforont  paraaaceca.  Such  paramacera  aa 

thanaal  dlffuBlvlcy.tt  " k , Burface  convection  coafflelancB,  and 

gaoaecclo  shapaa  ate  uaually  eoployad.  The  gocactrlcal  Bhapea  canBl- 
darad  are  llnlcad  to  hosoganaoua  Inflnlca  placaa.  Infinite  cylindera, 
BeharaB  or  oblactB  of  Bvch  Bhape  that  heat  flop  can  be  ccooldared 


pcablBDO.  Many  praecicel  Bltuaelona  yield 


teulun  <M),  aod  Paichkl 


Id  cbe  analog  and  In  cha  prseocy 


leally  dealgnad.  Even  relativaly  minor 

) are  Idencical  in  Eorm.and  cha 
! name.  Ench  a jlnilarlty  it 


:36>. 
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p;  SoiicKvall  (38)  Sa 


raidUy  co  dlsltal  comyu 
The  explicit  flQ 
llaiCBClon  chat  ic  la  dl 


Ee  Che  eelucloB  aC  tbe  problea 

lee.  Although  the  celaxaclon  technique  can 
developed  by  Dueinbene  CAO>,  are  generally 

•dlfterencea  technique  hea  in  geaeral  the 


t (il). 


Infinity.  The  aubilicy  crl 


lioicad  number  of  dlglca  Etfaloh  a given 


(il,«2,43).  IlKreCoire,  lee  e mna 

Dlclccrt  (47)  u««d  Ch£  expliclc  fit 
tolucion  on  bd  ia(  6S0  dl&ical  cos 

•ImUtBd  OBB  B almpUtlsd 


y.  'LSli  «lHMd  Che 
ion,  Bnd  solved  on  B diBlCoL 


Insuneantouo  eytiueuuy 
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2.  Boch4lpy  (pC  } 


1-  Twnoaraeijre  Hlagerl^g  li 


* Standard  Stnalacaii  Harram 


ralaaaa  thalr  beat  rapUly  co  cbe  cell  aod  iha  top  Ipiulatloa.  BItliln 
five  aaeaMB  aftec  actlvaclOD  the  teaperacure  of  Che  heat  gaoerecora  la 


the  Teapanae  of  the  recocdar  wee  not  particularly  good  for  ciaee  of  laai 
than  ana  aaeond.  figure  6 Indicataa  that  che  cell  caaebai  a peak 

Bood  agcaaaianc  ulcb  experience.  All  cf  che  curvee  In  figure  6 era  In 


ly  depandenc  on  the  heat  Unit  caaperature.  Iha  data  auaDocUed  In 
Table  4 tndlnace  thee  cbe  oall  life  above  400°c  la  approxlouicaly  culee 


r 


r 


In  the  elencralyclc  oonductlvlcy  of  the  aleetrelyce.  Therefore,  chte 
feotot  repteeente  a hypotbetioal  ebenge  In  peranetert  uhleb  wuli  writ 
eerloue  Inveaeu.tlon  If  It  .hould  eppe.r  to  contribute  etrongly  to  cell 


onthelpy.  Thue,  e 
of  tfrapoaltlon  or 


thlckneeo  cbangee,  end  in  the  boat  generator  by  aiailUr 


r 


larger  porclen  uhleh  eeclrecea  elovly 


clcy  of  the  analog  eoapotar  did  not  peralc  a 
CO  be  atudlod. 


A vord  about  Che  heac  generation  la  In  order.  The  geoarel  ehape 


Uboracory  oC  cha  Unlvoralty  of  Florida, 
nuabar  of  typaa  of  thermal  baccerlaa.  It 


cell  ebeBicCcy  eesuaej.  Tbe  heet  genertcloo  Ti 

Prow  Figure  15  It  «ey  be  eeen  c^t  the 
title  to  reeeh  It  ere  me  etrongly  depeohent  on 
beet  genetetlijn  terei  utileee  very  energetic  end  eitenelve  chemicdl 
reeetloo  occure.  * chepge  in  the  hmt  gener.tlcn  ter»  of  ±5£ft  eppeera 
to  chenge  the  life  ehove  »00°C  by  eboot  ±2«  without  eorooeding  elloweble 
peeh  teeipeiecure.  Figure  15  elec  Indtoetee  thee  e heet  genetetlog 
reectUn  producing  heft  et  epproulmetely  three  tloiee  the  rete  lo  the 


£ approxlBfitely  30  eecondf  ei 


Figure  Id  Indloetee  the  ohepe  of  the  heat  generetloo  functione 
prograeuied  lo  cbeee  expotleientl . The  peek  heat  generetloo  rete  end 

half  to  twice  the  atondatd  rate.  The  date  in  Table  4 Indicate  Chet 

hlaeory-  Actlveeton  tlnei  end  peak  ceopecacuree  turned  out  to  be 
aeaaoclelly  unaffected. 

cion  terni  ehoeen  at  a etandard  le  auch  aa  to  affect  only  the  cooling 
portion  of  the  ca»peracure  hlatory  of  the  cell  in  any  elgnltlcanc  way. 
If,  for  eaoBpla.  a ayeteia  mploylng  an  Incra-cell  chatical  heat  genera- 
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AVSA6E  PHYSICAL  PROPBmS  Am  DIHSNSIOH5 
OP  THERMAL  HAITE8Y  CQHFOHEHTS:  MODEL  IZ 


EFFECT  OP  CHANGES  IN  THE  INGOLAXIOH  STIUJCTURE  OH  LIFE 
TO  AOO^C  OP  5IWUTEO  THBSHAt  BATTERIES 


indluCed  tlur  Ic  nighe  be  edvencageoue 

can  next  Co  Che  core  Ineceed  of  on  the  oucelde  of  Che  eeeeohly.  The 
loculclve  Joeciflcatlon  of  chie  screosenenc  toe  heeed  on  the  high  heet 


e which  results  41 


DISITAI  QWVTER  W 


GircuUr  cylinder  with  a heigbc  equal 


Si- 


's--.- 


ifle  cb«  darlv«clve«  would  b«  fipproxloiitad  by  poioCB  on  boch  aldoa 


cbfloe  equacloni  involve  s fleet  partiel  derivetive.  It  is  Docoeeory  to 
epproxiBfito  it  with  Che  eppropclece  £lnlCB-*dif£ecenee  equetlOBi 
Equation  fV-U)  counoc  be  ueed  beeauee  it  la  baeed  on  tha  aeauapeloo 


r«EDtlna  unchanged 


requlree  a parcicuUc 
aphere  ia  a Cuncclgn 


AMS  requires  chmc  ch*  problan  be  ececed  as  e jec 
ordinary  dlfferonclal  equatlana  wlcb  Inlclal  condltlona  ai 


The  general  problen  Cor  adllch  cbe  AHfiS  prosraa  W4B  deaigned 

3^  ■ 


CV-25) 


Cechslquei  tucb  as  Slinpfon'a  8uU  or  Che  Cceposeldel 
Che  eqoeclen,  The  eljnpleec  eonecenc  Increment  meched  le  Inler'e 


eC  predlecnr-conveccoT  mechode  heve  been  devleed  bleed  on  Nevcon'e 
inCetpoUtlen  fonsule.  Those  which  predict  Ercn  polnc  n co  point 
nbl  bleed  on  derlvetlvee  sc  point  n end  pcecedlnf  points,  end  lAlch 


poeslbtllcp  of  error  concrol,  the  hdetei-HDulcon  method  Is  the  best 


error  lor  eanporeble  eCfore  but  the  peeelblllcy  of  Inoceblllcy  makes  it 

bSB  the  edvencage  of  requiring  no  history  points,  boc  error  control  lo 
e elgnificent  problsa  in  this  method.  The  conscanc  Increment  eqnaticns 
ace  more  thoroughly  dtseussed  In  stenderd  numerlesl  eoalyels  teats 
(58.59). 


&£C«r  B change  of  incervel  sine  wlchouC.inCerrupCion, 

Ae  AH05  progrea  concllCB  e£  a oain  prograa  and  llxceen 
auBprograma,  fourteen  of  which  remain  unchanged  for  a 

aach  problem  aueh  ae  the  particular  form  of  Che  differential  eguaclona 
Involved  and  the  apacifleaclon  of  the  Input  and  cucpul 

The  digital  computer  program  wae  tuhjectad  to 
teat  by  etudylng  the  alnulaclon  of  a phyalcal  model  fc 


in  Figure  C-1.  It  may  be  aeon  that,  with  27  aloulcaneoua  t 


le  ocmpucad  reaulce  alsaye  predicted  a lower 
ir  program  vaa  net  Ideally  aulced  to  elmulate  the  botugenao 


only  approziMCely 


EFFECT  OF  FMUKETERS  AND  CHAFCBS  OH  LIFE 
TO  400Fc  OF  A SIWIUTES  PEKHAL  EATTEEY 


(Coneinucd) 


•IgnlClMne.  This  it  inuatrat«d  In  Figure  30  eAere  Che  Cmperature 
ac  a point  in  Che  inaulaclon  cloea  to  the  core  If  aeon  to  be  greater 
ior  ineuleeloQ  vlch  a low  heat  oapaoicy  than  For  Inaulecloo  with  e 
high  heat  cepaelty  if  both  sacerlale  have  the  eaiae  themial  eonguotivlty. 


f produeef  a tsellec  ceaperacure  gradient 


rapidly,  and  therefore, 


euc-off  teeipereeure  will  eventually  be  longer  for  the  oetoriel  having 

vlty  la  reduced  by  reducing  the  thorsal  conductivity  i*lle  the  doneity 
and  heat  capacity  are  kept  ccaerant,  then  Che' battery  life  la  Isproved 


battery  woa  ceated  end  the  roaulta  ere  ehown  In  Figure  3J,  Iheeo 


core  had  already  been  opcloilted  in  the  atendard  chenal  batcery.  leccery 
llvea  lower  than  that  of  the  atendard  were  obtained  for  radii  of  the 


ichlEvad  6y  doublln*  th«  Se*t  (or  cho  ioiulcy)  0«  cbo  h««t 


8.  ofTmorovod  T^enaal  Battery 


ImpcovtooDti  couU  hove  on  ck«  life  of  Che  bitcery-  It  uee  ejeumed 
thee  tn  ell-Ilieniioeitx  layer  could  be  uetd.  tbac  en  eleetcochemieel 
ayaCBD  could  be  developed  which  would  yield  cwlco  Cho  Intra-cell 
heat  senerecioD  of  the  etendtrd  batcery.  end  chac  Che  deualty  or  heac 
cpaelcy  of  the  heet  seneratore  oould  be  doubled,  Ihe  retulce  Indicate 
chac  BO  Increoee  in  boccecy  life  of  about  56S  could  be  obceloed. 
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Th«  obJ«eclv«i  at  [bia  work  ware  ce  provide  Ci 

1 Inalsbc  Into  the  beet  tranafet  proceaaea  that 


Indicated  Che  dee 


acandard  vara  ahovn  to  be  boDeCtclal  to  battery  1] 


tberstl  dlffiMlviry 
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Uhon  cheiB  BxpceiBiona  ar«  aubiclcuced  Ir 
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KquncloD(B-10)llluBtracet  the  face 


ecer  caecinga; 
an  alcamaca 
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